Influence of biodegradable and non-biodegradable material surfaces on the differentiation of human monocyte-derived macrophages.
Monocyte-derived macrophages (MDM) and multinucleated foreign body giant cells (FBGC) are the primary cell types that remain at the cell-material interface of polyurethane (PU)-based medical devices as a result of chronic inflammatory responses. In vitro studies have demonstrated that MDM possess degradative potential toward PU, which can result in device failure. Because most studies have followed the degradation potential, morphology, and function of these cells only once fully differentiated, the current study investigated the influence of a non-degradable control tissue culture-grade polystyrene (TCPS) surface relative to two degradable model polycarbonate-urethanes (PCNU), of different chemistry, on various parameters of MDM morphology and function during a 14-day differentiation time course. The differentiation of human monocytes isolated from whole blood on PCNU materials resulted in increased cell attachment, decreased multinucleation, and significant decreases in cell spreading when compared with cells differentiated on TCPS. Actin-stained podosome-like cell adhesion structures were increased in PCNU-adherent cells, accompanied by an alteration in beta-actin and vinculin protein expression. The expression of the CD68 macrophage marker was reduced when cells were adherent to the PCNU materials and compared with TCPS, suggesting altered cell activation by the degradable relative to non-degradable materials. The degradative potential of these cells was altered by the material surface they were exposed to as measured by esterase activity and protein expression of monocyte-specific esterase. This was also supported by physical material breakdown evident in scanning electron microscopy images that illustrated holes in the PCNU films generated by the presence of differentiating MDM. It was concluded from these studies that PCNU materials significantly alter the function and morphology of differentiating MDM. This must be taken into consideration when studying cell-material interactions because these cells will receive cues from their immediate environment (including the biomaterial) upon differentiation, thereby affecting their resulting phenotype.